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MODULAR MASTER-SLAVE POWER
SUPPLY CONTROLLER

FIELD OF THE INVENTION

The present invention pertains generally to the field of
control systems. More particularly, the present invention
relates to a modular master-slave implementation of a soft-
ware programmable power supply controller.

BACKGROUND OF THE INVENTION

The use of ASIC’s (Application specific Integrated
Circuits) to implement the control of power supplies (e.g., a
ballast) for lighting units is known in the art. ASIC’s can
perform the function(s) of a variety of discrete components
on a single Integrated Component (IC). This 1s advantageous
because the overall size of the power supply unit can be
reduced. Also, 1n large volume applications, the cost of an
ASIC 1s significantly less than the cost of discrete compo-
nents that are required to perform the same function(s). This,
in turn, reduces the overall cost and physical size of the
power supply unait.

The ASIC’s are typically designed to interface with
specific components or stages in the power supply. The
stages of the power supply may comprise one or more IC’s
and/or discrete elements. For example, FIG. 1 shows a
power supply for a HID (High Intensity Discharge) lamp
(not shown). The power supply 10 consists of three stages:
a boost stage 11 for power factor correction, a down con-
verter stage 12, and a full-bridge driver stage 13. The
functions of these stages are well known 1n the art and are
not described herein further. In this conventional device,
three ditferent ASIC’s 14 are required to control the different
stages of the power supply. Each of the ASIC’s 14 are
different and are designed to interface/control only with a
particular stage.

Correspondingly, EPA 0 830 982 (Endo) shows a micro-
computer and an ASIC being used to control a lighting
circuit device for an automobile. This lighting circuit device
may be used with multiple types of cars. Similar to the
ASIC’s 14, the ASIC used 1 the device of Endo 1s specifi-
cally designed for a particular hardware application. The
ASIC, for example, can not be used to control another stage
or hardware application of the lighting circuit device.

ASIC’s may be either custom-made for the application or
oif-the-shelf components. Custom-made ASIC’s are expen-
sive and time-consuming to develop. Since the initial devel-
opment cost for a custom-made ASIC may be high, they are
typically only used 1n high volume applications, where the
development costs can be spread-out 1n the price of all the
units sold. In addition, a custom-made ASIC 1s typically
designed to operate with a particular type of components/
stages or a specific component/stage produced by a certain
manufacturer. This prevents the ASIC’s from being used
with components/stages that perform the same type of
function or components/stages from other manufacturers.

Off-the-shelf components typically require external
components/hardware 1 order to use them 1n a speciiic
application. The external components (e.g., other IC’s and
discrete electronic components) are necessary to interface
the ASIC’s to the particular stage. This, however, increases
both the cost and size of the power supply. Another disad-
vantage 1s that when the off-the-self component 1s changed,
the external components must be redesigned.

There thus exists 1n the art a need for a control system that
takes advantage of all the benefits of ASIC’s while allowing
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2

the same ASIC’s to be used interchangeable with different
system and power supply topologies.

BRIEF SUMMARY OF THE INVENTION

It 1s an object of the present imnvention to address the
limitations of the conventional power supply controllers
discussed above.

It 1s another object of the invention to provide a modular
system controller having interchangeable generic compo-
nents.

One aspect of the invention 1s directed to a circuit
including a master integrated circuit having a controller and
a master communication interface and at least one slave
integrated circuit including an interface circuit and a slave
communication interface. The interface circuit 1s capable of
receiving signals from a component or stage of a control
circuit and controlling the component or stage 1n accordance
with the received signals. The slave IC 1s also capable of
being programmed by the master IC through the communi-
cation 1nterfaces to interface and control one or more dii-
ferent components or stages of the control circuit.

Another aspect of the mvention 1s directed to a control
system 1ncluding a plurality of generic slave IC’s that
control one or more stages of a power control unit. A master
IC 1s coupled to the plurality of generic slave 1C’s through
a communication network to supervise operation of the
plurality of generic slave IC’s.

One embodiment of the invention relates to a system
control apparatus including interchangeable means for
monitoring and controlling one or more circuit portions of a
system and control means for controlling the operation of
the 1nterchangeable means.

These and other embodiments and aspects of the present
invention are exemplified 1n the following detailed disclo-
Sure.

BRIEF DESCRIPTION OF DRAWING

The features and advantages of the present invention can
be understood by reference to the detailed description of the
preferred embodiments set forth below taken with the
drawings, in which:

FIG. 1 1s a schematic diagram of a power supply using
conventional ASIC controllers.

FIG. 2 1s a schematic diagram of a power supply 1n
accordance with one aspect of the invention.

FIG. 3 1s a schematic diagram of a power supply 1n
accordance with another aspect of the mvention.

FIG. 4 1s a schematic diagram of a power supply control-
ler in accordance with a preferred embodiment of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In one aspect of the present invention, a master-slave
approach 1s used to implement different control schemes 1n
various power supply topologies using the same IC’s or
ASIC’s. In this embodiment, a modular design approach of
the 1nvention employs a software programmable unit and
multiple (interchangeable) instances of the same generic
slave IC or ASIC. This modular approach simplifies the
design of complicated power supply systems such as ballast
controllers for HID or fluorescent lamps. Using the same
IC’s or ASIC’s to control different power supply topologies
also eliminates the need of developing new application-
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specific IC’s (ASIC’s), which, as described above, is both
fine-consuming and expensive. Also 1n confrast to using
general-purpose, off-the-shelf 1C’s to 1mplement a power
supply controller which requires a significant number of
external components, this modular approach requires few
external components.

In particular, referring to FIG. 2, a power supply 20 in
accordance with the present invention 1s shown. The power
supply 20 controls the power provided to a HID lamp (not
shown). It should be understood that the present invention is
not limited to this particular application, but can be imple-
mented for other types of applications that require power
supply controllers. Moreover, the 1nvention may be used for
other non-power related control system applications.

In contrast to FIG. 1, which shows three different ASIC’s
for controlling the power supply 10, FIG. 2 show; the power
supply 20 for the HID lamp using the master-slave approach.
A master IC 30 1s used to control a plurality of slave IC’s 40.
The master IC 30 may be an off-the-shelf micro-controller or
an AS3IC. The slave IC’s 40 are 1nstances of the same slave
IC that are used to control various stages of the power supply
20. The master IC 30 and the slave IC’s 40 communicate via
a communication network 21 (e.g., an inter-chip interface:
[°C).

As shown 1n FIG. 2, the stages include a boost converter
stage 22, a down converter stage 23 and a full bridge driver
stage 24. Also shown 1n FIG. 2 1s a rectifier stage 25. The
master IC 30 and the slave IC’s 40 perform all of the control
functions needed to control the various stages of the power
supply 20. Preferably, one slave IC 40 1s used to control each
stage of the power supply 20. However, one slave 40 may be
used to control more than one component/stage of the power
supply 20.

As discussed above, the invention can be applied to other
power supply topologies. For example, FIG. 3 shows a
two-stage power supply 30 for a fluorescent lamp (not
shown). The power supply 50 includes a boost converter
stage 51, a halt-bridge driver stage 52 and a rectifier stage
53. The same master IC 30 and slave IC’s 40 (as shown in
FIG. 2) are used to implement this power supply topology.

As shown 1n FIG. 4, the master IC 30 preferably includes
a micro-controller 31, a memory 32, and a communication
interface 33. The master IC 30 may also mnclude an external
communication interface 34. The memory 32 stores mnstruc-
tions (e.g., computer-readable codes) that are executed by
the micro-controller 31. In addition to executable
instructions, the memory 32 may also store other data.
Alternatively, the master IC 30 may be constructed by
state-machine circuitry that performs one or more of the
functions performed by the micro-controller 31.

Preferably, the communication interfaces 33 and/or 34 are
two-way digital interfaces which may be serial or parallel.
The communication interfaces 33 and/or 34 may include a
hardwired connection such as a printed circuit (PC) board
data bus arrangement. Alternatively, the communication

interfaces 33 and/or 34 may include a wireless 1nterface such
as mirared or radio.

The master IC 30 executes the mstructions, or proceeds
through states, to control the slave IC’s 40 via the commu-
nication interface 33. In particular, the master IC 30 sends
commands and receives data from the slave IC’s 40 via the
communication interface 33. In addition, the master IC 30

supervises and coordinates the operation of the slave control
IC’s 40.

The control functions performed by the master 1C 30
include: (1) threshold parameter setting in the slave 1C’s 40
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(e.g., over-voltage threshold); (2) operation mode setting of
the slave IC’s 40 (e.g., continuous mode or discontinuous
mode of boost converter); (3) setting the type of operations
performed by the slave IC’s 40; (4) timing parameter setting
in slave IC’s 40 (e.g., frequency of operation); (5) requesting
and receiving status information from the slave 1C’s 40. The
slave IC’s 40 may also include registers to store operational/
performance parameters or status information from the

master 1C 30.

The master IC 30 may include a library or database of
predetermined modes or settings for the slave 1C’s 40. The
library may be stored in the memory 32 or downloaded/
updated via the external communication interface 34. The
modes or settings may be selected via (1) a code input
through an I/O port (e.g., toggle switches), (2) firmware
stored in the memory 32, or (3) instructions provided
through the external communication interface 34.

The external communication interface 34 1s also used to
communication with external data processing apparatus
such a network/system controller or alarm/security system.
For example, based on the status mnformation from the slave
IC’s 40, the master IC 30 may communicate with a building
security system to report an alarm or maintenance condition.
For this embodiment, a master 1C 30 with a battery power
back-up may be used to ensure that if a building power
failure occurs, the master IC 30 can still provide the alarm
indication.

In another embodiment, the master IC 30 may employ a
general-purpose (slow) A/D converter 35 (1.e., a monitor
circuit) to monitor slow analog signals (e.g., from motion
and/or light intensity sensors). These signals are then digi-
tized and processed by the master IC 30. Control instructions
are then sent to the slave IC’s 40 via the communication
interface 33.

In yet another embodiment, the master IC 30 includes a
wireless receiver 36 (shown 1n FIG. 4). The wireless receiver
36 may, for example, function as an infrared (IR) detector so
that the power supply 20 can be controlled using a handheld
or wall mounted remote control unit. The wireless receiver
36 may also be use to monitor, or communication with,
remote sensors (€.g., motion and/or light intensity sensors).
Instructions based on the received signals from the remote

control unit or sensors are then communicated to the slave
IC’s 40.

The slave IC’s 40 are programmable computation engines
that are capable of sensing analog (or digital) input signals
and generating output signals to control the stages 22—-24 of
the power supply 20. The sensing and control i1s performed
by interface circuitry. For example, signals from a compo-
nent or stage are received by the interface circuitry and the
output signals from the interface circuitry control and adjust
the state of power switches (1.e., FE'T’s) in the power supply
20. One or more slave IC’s 40 can be used 1n an application.

Returning to FIG. 4, preferably, the slave IC 40 includes
an A/D converter 41, a Digital Signal Processor 42, one or
more registers 43, a Pulse Width Modulator (PWM)
generator, a level shifter 45 and a communication interface
46. The A/D converter 41 receives analog signals from the
various stages 22-24 of the power supply 20 (e.g., for
over-sampling analog input signals). The Digital Signal
Processor 42 processes digitized signals within the slave
IC’s 40. The register 43 1s used for storing data to be
transmitted or received via the communication interface 46.
The PWM generator 44 1s preferably a high resolution PWM
ogenerator for controlling the state of power switches within
the power supply 20. The level shifter 45 drives the control
inputs of the power switches.
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The slave IC 40, however, 1s not limited to this architec-
ture. Alternatively, or 1n addition, the slave IC 40 may
include other types of monitoring circuits such as level
latches or digital input circuitry.

As shown 1n FIG. 4, VREF 1s a reference voltage for the
A/D converter 41. AGND 1s an analog ground reference.
VDD 1s a supply voltage for powering the master IC 30 and
the slave 1C’s 40. GND 1s the return ground.

All the slave IC’s 40 use an identical interface (i.e., the
communication interface 46) to communicate with the mas-
ter IC 30. It should be understood that the communication
interface 46 of the slave 1C’s 40 should match the type used
for the communication interface 33 of the master IC 30. The
master IC. 30 can communicate with all of the slave 1C” 40
via a broadcast message or by mdividually addressing each

slave 1C 40.

In one embodiment, the slave IC’s 40 may be pro-
grammed to operation in a predetermined mode (as dis-
cussed above) by setting the contents of the registers 43 via
the communication interface 46. The predetermined modes
include settings for each of the stages 22—24 of the power
supply 20. The predetermined modes are determined based
upon the specifications of, and/or types of signals to be
monitored or received from, a particular stage. These pre-
determined modes are not necessarily mutually exclusive. In
addition, other predetermined modes may be set based upon
different criteria such as specilic manufacturer’s compo-
nents.

As should be understood, the DSP 42 may also perform
functions similar to a micro-controller. Accordilngly, in
another embodiment, the slave IC’s 40 may be programmed
via soltware or firmware instructions executed by the DSP
42. For example, the slave IC’s 40 may collect data from a
particular stage 22—24 so that the slave IC 40 (or the master
[C 30) can analyze and determine which predetermined
mode 1s most appropriate for the stage.

Moreover, 1n yet another embodiment, most or all of the
processing/functions performed by the master IC 30 may be
performed by the slave 1C’s 40 directly using, for example,
the DSP 42. Predetermined modes or settings are input to the
slave IC’s 40 via the communication interface 46. The
modes or settings may be sent from an external data pro-
cessing apparatus (e.g., a (detachable) set-up computer 60
shown in FIG. 2) during manufacture or during installation
on-site. The modes or settings may also be set by one or
more switches 70, or the like, coupled to each slave IC 40.
The computer 60 and/or the switches 70 are essentially a

control means for controlling the operation/mode of each
slave 1C 40).

As discussed above, for different power management
applications, a different number of generic slave 1C’s 40 are
used. Designing a new or different ASIC for each stage or
power supply 1s not needed. For example, if the boost
converter stage 22 of the power supply 20 1s to be changed
because of an improvement 1n boost converter technology,
the same slave IC 40 can be used to control the improved
boost converter stage. In addition, the modular approach
facilitates the design of even complex control systems from
both an electrical design and physical design (i.e., the
printed circuit broad) perspective. Thus, various types of
stages can be easily assembled because the same generic
slave IC’s 40 can be used to control any of the stages.

While the present invention has been described above 1n
terms of specific embodiments, 1t 1s to be understood that the
invention 1s not intended to be confined or limited to the
embodiments disclosed herein. On the contrary, the present
invention 1s intended to cover various structures and modi-
fications thereof included within the spirit and scope of the
appended claims.
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What 1s claimed 1s:
1. A power control circuit comprising:

a master integrated circuit (IC) including a controller and
a master communication interface; and

at least one slave integrated circuit (IC) including an
interface circuit and a slave communication interface,
the interface circuit including an A/D converter, a
digital signal processor and a PWM generator and
being capable of receiving at least one signal from a
component or stage of a control circuit and controlling,
the component or stage 1n accordance with the received
signal,

wherein the slave IC 1s capable of being programmed by
the master IC through the communication interfaces to
interface and control one or more different components
or stages of the control circuit.

2. The circuit according to claim 1, wherein the power
supply control circuit controls a lighting device.

3. The circuit according to claim 1, wherein the master
communication interface and the slave communication are
two-way digital interfaces.

4. The circuit according to claim 1, wherein the master I1C
further comprises an external communication interface.

5. The circuit according to claim 1, wherein the master
communication interface and the slave communication are
wireless interfaces.

6. The circuit according to claim 1, wherein the at least
one slave IC 1s capable of being programmed 1n accordance
with one or more predetermined modes.

7. The circuit according to claim 6, wherein the one or
more predetermined modes are determined 1n accordance
with a specification of the component or stage to be inter-
faced.

8. The circuit according to claim 1, wherein the slave IC
is an application specific integrated circuit (ASIC).

9. The circuit according to claim 1, wherein the master 1C
and the slave IC are capable of being configured to control
a plurality of different power control topologies.

10. The circuit according to claim 1, wherein the master
IC further comprises a monitor circuit.

11. The circuit according to claim 1, wherein the master
IC further comprises a wireless receiver.

12. The circuit according to claim 11, wherein the wireless
receiver comprises an infrared receiver.

13. A control system comprising;:

a plurality of slave integrated circuits (IC’s) each arranged
to control one or more stages of a power supply; and

™

a master integrated circuit (IC) coupled to the plurality of
slave IC’s through a communication network arranged
to supervise operation of the plurality of slave IC’s,

wherein the plurality of slave IC’s are interchangeable
with each other.
14. A control apparatus for a power supply comprising:

interchangeable means for controlling one or more circuit
portions of the power supply; and

setting means for setting a predetermined mode of opera-
tion of said iterchangeable means,

wheremn the power supply includes a boost converter
circuit portion, a down converter circuit portion and a
bridge driver circuit portion.

15. The apparatus according to claim 14, wherein the

power supply 1s capable of providing power to a high
intensity discharge or fluorescent lamp.

16. The apparatus according to claim 14, wherein the
interchangeable means being capable of monitoring and
controlling a plurality of power supply topologies.
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